Within the United States, disparities in diagnosed HIV prevalence among the 3 major racial/ethnic groups (White, Black, and Hispanic) are striking. At the end of 2009, 43% of people living with an HIV diagnosis were Black, 35% White, and 19% Hispanic. 1 Concurrently,
Blacks constituted only 12% of the population, non-Hispanic Whites 65%, and Hispanics 16%. 2 In the 46 states with confidential name-based HIV reporting since at least January 2007, the estimated diagnosed HIV prevalence rate at the end of 2009 was 952 per 100 000 people among Blacks (near the threshold for a generalized epidemic), 1 320
per 100 000 among Hispanics, and 144 per 100 000 among Whites; compared with Whites, therefore, Blacks and Hispanics were respectively 6.6 times and 2.2 times more likely to be living with an HIV diagnosis. A number of mechanisms, primarily structural and social factors, have been proposed to explain these stark racial/ethnic disparities in HIV prevalence. 3, 4 Structural factors, such as oppression and mistrust in government, may hinder receptivity to prevention outreach and increase HIV prevalence. 3 Social constructs (e.g., homophobia and HIV stigma) may discourage open discussion of risk behaviors and limit HIV testing and treatment. Additionally, limited access to health care resources has been identified as a key driver of racial/ethnic health disparities. 5 Finally, Black men are more likely than White men to be both incarcerated and infected with HIV while incarcerated. 6, 7 All of these factors are, in turn, associated with poverty. 8 However, specific relationships among these multiple factors and racial/ethnic HIV prevalence disparities, and variation of these relationships across levels of urbanization, are not well understood. Previous analyses of national surveillance and survey data in the United States have focused on associations between HIV prevalence rates, poverty, and race exclusively in urban areas, finding no disparities in poverty-adjusted HIV prevalence rates among heterosexuals in urban settings. 9, 10 Furthermore, among heterosexuals living in US urban areas with high AIDS prevalence, HIV prevalence rates among those living at or below the poverty line were 2.2 times as high as rates among those living above the poverty line. 10 A more recent analysis of US surveillance data confirmed the complex associations between demographics, social determinants of health, and AIDS diagnosis rates. 8 However, variation in these factors across the urban---rural continuum may limit generalizability of these findings to nonurban settings, where similar research is lacking. In 2009, the proportions of Black and Hispanic Americans living in poverty were roughly twice that of White Americans. 11 For all races/ethnicities, the proportion living in poverty is greater in rural areas than in urban areas. 12 Additionally, rural areas, with lower HIV prevalence, are more likely to be medically underserved, with reduced access to HIV care and treatment. 13 In the context of these complex sociodemographic associations, previously observed associations in the United States between poverty and racial/ethnic disparities in HIV may differ outside of urban areas. Therefore, using publicly available county-level data, we first describe the association between poverty and HIV prevalence by race/ethnicity across levels of urbanization. We subsequently examine racial/ethnic disparities in HIV prevalence across levels of urbanization, after controlling for poverty. We hypothesized that, in all strata of urbanization, poverty-adjusted Black---White and Hispanic---White HIV prevalence rate ratios (PRRs) would statistically differ from 1.0.
METHODS
To evaluate racial/ethnic variation in the associations between poverty and HIV prevalence at different levels of urbanization, we Objectives. We evaluated the role of poverty in racial/ethnic disparities in HIV prevalence across levels of urbanization.
Methods. Using national HIV surveillance data from the year 2009, we constructed negative binomial models, stratified by urbanization, with an outcome of race-specific, county-level HIV prevalence rates and covariates of race/ethnicity, poverty, and other publicly available data. We estimated model-based Black-White and Hispanic-White prevalence rate ratios (PRRs) across levels of urbanization and poverty.
Results. We observed racial/ethnic disparities for all strata of urbanization across 1111 included counties. Poverty was associated with HIV prevalence only in major metropolitan counties. At the same level of urbanization, Black-White and Hispanic-White PRRs were not statistically different from 1.0 at high poverty rates (Black-White PRR = 1.0, 95% confidence interval [CI] = 0.4, 2.9; HispanicWhite PRR = 0.4, 95% CI = 0.1, 1.6). In nonurban counties, racial/ethnic disparities remained after we controlled for poverty.
Conclusions. 15 Our analysis included counties meeting the following criteria: the number of estimated diagnosed prevalent race-specific cases was 5 or more; the race-specific population was at least 1000 persons; the county was located within the 46 states that had confidential name-based HIV infection reporting since at least January 2007; data were available for the White population and at least 1 other race/ethnicity; and the CDC was authorized by the given state to release aggregate estimated case counts for individual racial/ethnic groups. The CDC implements the first 2 criteria to protect the confidentiality of persons included in the case data.
In our analysis, we measured county-level, race-specific poverty as the percentage of the given race living in poverty. We defined county-level urbanization using the urbanization classification of the National Center for Health Statistics. 16 This categorization includes 6 levels based on a county's population and proximity to metropolitan areas (Table 1) . To maintain consistency with the data source, we use the term "level of urbanization" to refer to this measure. We included other publicly available, county-level potential confounders because of previously documented associations with HIV prevalence. 4, 6, 13, 23 These factors were estimates of per capita health expenditures and estimates of population proportions of drug use, men who have sex with men, health insurance coverage, and correctional populations ( Table 1) . We calculated observed race-specific HIV prevalence rates and Black---White and Hispanic---White PRRs for each level of urbanization by summing cases and populations for included counties. We compared race-specific distributions of HIV cases by level of urbanization using the v 2 test. We performed negative binomial regressions, stratified by urbanization, to examine unadjusted associations between individual potential confounders and HIV prevalence rates. 24 Given the overdispersion of the outcome, we used negative binomial (rather than Poisson) regressions in this analysis. We constructed 2 sets of stratified negative binomial models; 1 set included Black and White populations and the other included Hispanic and White populations. We modeled county-level, race/ ethnicity-specific HIV case counts as a function of poverty, race (as an indicator variable representing the race/ethnicity of the outcome), potential confounders (Table 1) , and log-racespecific population (as the offset). The models accounted for potential differences in the associations between HIV prevalence and poverty by race/ethnicity using a poverty---race interaction term; they also accounted for potential differences in all associations across levels of urbanization through stratification. We conducted model selection using a hierarchical backward elimination strategy. 25 This strategy assessed interaction and then assessed all possible subsets of measured confounders.
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standard, we considered that any subset of confounders that changed the measure of association of interest by less than 10% also controlled for confounding. The final model subsequently used this subset of confounders. With this method, no other set of confounders adequately controlled for confounding, and all listed confounders and the poverty---race interaction term were retained in the final model. We calculated model-based prevalence rates for each race/ethnicity and PRRs and 95% confidence intervals for Blacks and Hispanics (compared with Whites) for each level of urbanization at 10%, 20%, and 30% poverty. Selection of these values of poverty permitted calculation of adjusted prevalence rates and PRRs because of the inclusion of the poverty---race interaction term in the model. We chose these values for poverty on the basis of the US federal definition of a poverty area ( ‡ 20% of the population with incomes below the poverty line) and the observed ranges of race-specific poverty. 26 We compared poverty-adjusted PRRs across strata of urbanization using Wald tests. We used a nominal type I error rate of 0.05. We performed all analyses with SAS version 9.3 (SAS Institute, Cary, NC).
RESULTS
We included a total of 1111 counties (34% of US counties) in the analysis ( Figure A We included counties from all US Census Bureau regions. Although only 46% of all counties in the United States are in the South, most included counties in both models were in the South (66% for the Black---White model, 51% for the Hispanic---White model). Combined, the South and Northeast regions, which together represent 53% of all counties and 66% of all estimated prevalent diagnosed cases, contributed most cases to each model (72% for the Black---White model, 62% for the Hispanic---White model). 1 We included counties from all levels of urbanization (Table A) . Counties in the most urban category (large central metro) included 57% of cases in the Black---White models and 64% of cases in the Hispanic---White models. For all races/ethnicities, poverty rates increased with decreasing urbanization, except for large fringe metro counties, which had the lowest poverty rates (Tables 2 and 3) .
Crude diagnosed HIV prevalence rates for each race/ethnicity significantly differed across levels of urbanization (P < .001 for each race/ethnicity) ( Figure B) . We observed the highest prevalence rates for all 3 races (except that among Hispanics in noncore counties) in large central metro counties. Additionally, we observed racial/ethnic disparities in HIV prevalence across all levels of urbanization. Black---White prevalence rate differences were highest in large central metro counties (1220 per 100 000 population). Hispanic---White prevalence rate differences were highest in noncore counties (704 per 100 000 population). However, although observed Black---White and Hispanic---White HIV PRRs were greater than 1.0 across all strata of urbanization (PRR range = 3.9---9.1 and 1.5---7.0, respectively), we observed the lowest PRRs in large central metro counties (PRR = 4.0 and 1.5 for Black---White and Hispanic---White, respectively; Tables 2  and 3 ). At each level of urbanization, observed Hispanic---White disparities were lower than Black---White disparities. At all levels of urbanization for both Blacks and Whites (except that of Whites in large central metro and medium metro counties), associations between poverty and HIV prevalence were statistically insignificant (Table 4) . Although the adjusted association between poverty and HIV prevalence for Blacks was statistically different from that for Whites in the most urban counties (the PRR for a 10% (Table 4) . Associations between confounders and HIV prevalence also differed by level of urbanization (Table 4) . After adjustment for poverty and the other covariates, model-derived Black---White PRRs in large central metro counties were not significantly different from 1.0 when evaluated at 30% poverty (PRR = 1.0 [95% CI = 0.4, 2.9]), but were significantly greater than 1.0 when evaluated at 10% and 20% poverty (PRR = 3.9 [95% CI = 2.8, 5.5] and 2.0 [95% CI = 1.1, 3.6], respectively; Table 5 ; Figure C ). Within this single strata of urbanization, this trend in PRRs across poverty was statistically significant (P < .01). For all other poverty levels and levels of urbanization, adjusted Black---White PRRs were significantly greater than 1.0. Adjusted PRRs in large central metro counties were significantly less than those for all other levels of urbanization (P < .001 for each comparison), but adjusted PRRs were statistically similar for all other pairs of levels of urbanization.
For most levels of urbanization for both Hispanics and Whites, associations between poverty and HIV prevalence were statistically insignificant. The adjusted associations between poverty and HIV prevalence for Hispanics were statistically equivalent to those of Whites for all levels of urbanization, although the association for Whites was stronger in the most urban counties (the PRR for a 10% increase in poverty was 1.1 [95% CI = 0.8, 1.4] for Hispanics and 1.9 [95% CI = 1.0, 3.7] for Whites; Table 4 ). Adjusted associations between confounders and HIV prevalence varied by level of urbanization (Table 4) Table 5 ; Figure C) . For all other poverty levels and levels of urbanization, poverty-adjusted Hispanic---White PRRs remained significantly greater than 1.0. However, within these (and all other) levels of urbanization, apparent trends in model-based PRRs across poverty levels were statistically nonsignificant. Adjusted PRRs in counties belonging to metropolitan statistical areas with populations greater than 1 million (i.e., those in the 2 highest levels of urbanization) were significantly smaller than adjusted PRRs for all other levels of urbanization (P < .001 for each comparison). Pairwise comparisons of adjusted PRRs between all other levels of urbanization were not statistically significant.
DISCUSSION
Using population-based HIV surveillance data, we investigated the relationships between HIV prevalence, race, and poverty across levels of urbanization. The association between individual-level poverty and HIV is well documented in the United States, especially in urban areas.
27--- 35 For both Blacks and Hispanics, poverty-adjusted HIV PRRs in our study were not statistically different from 1.0 in highpoverty urban counties. However, in lowpoverty urban counties and in less-urban settings, severe racial/ethnic HIV disparities remained, even after adjustment for poverty. These results support prior analyses in which poverty mediated racial/ethnic HIV prevalence disparities among heterosexuals in selected high-prevalence, high-poverty US cities, and extend those findings by including prevalent HIV cases resulting from all modes of transmission, from a larger number of urban counties and from nonurban counties. 9, 10 Our findings suggest that the association between HIV prevalence and poverty is not monolithic. For urban areas, where controlling for poverty reduced racial/ethnic disparities, poverty may be a marker for high HIV density and large high-risk populations. 9, 27, 29, 33 In nonurban areas, health insurance coverage and per capita health expenditures were significantly associated with HIV prevalence, whereas poverty was not. Therefore, in the absence of high HIV density or high-risk populations, poverty may be a marker for other factors on the causal pathway between poverty and HIV risk, such as decreased health care resources. 13 In our analysis, the regression coefficients for poverty increased when we removed the 2 health care variables from the models, indicating that the association between poverty and HIV prevalence may be subsumed by the associations with access to care in nonurban counties. Consequently, we posit that poverty may act through 3 pathways, which vary in importance by urbanization: 1 pathway mediated by high HIV density in the community, 1 by the presence of high-risk populations in the community, and 1 by limited access to care. However, these poverty-mediated pathways alone may not drive racial/ethnic disparities. Even after adjustment for health care factors in nonurban counties, disparities remained. Additional unspecified factors related to race/ ethnicity and unrelated to poverty (such as stigma, sexual networks, and coinfection with sexually transmitted diseases) may account for the observed racial/ethnic disparities in county-level HIV prevalence in nonurban areas. 5, 16 The conceptualization of these pathways may guide prevention, with interventions targeting factors that drive the epidemic at specific levels of urbanization. Major urban areas are currently the focus of national HIV prevention strategies. The National HIV/AIDS Strategy calls for greater prevention "in communities where HIV is most heavily concentrated" 36(p8) and also for a reduction in racial/ethnic disparities. 36 The former recommendation has been advanced through the Enhanced Comprehensive HIV Prevention Planning Project, which targets HIV prevention in the 12 US cities with the highest AIDS prevalence. 37 Our observed lack of racial disparities in highpoverty urban counties may partially reflect the ongoing influence of prevention programs in these counties. However, a reduction in racial/ ethnic disparities will also require additional, unique prevention strategies for counties outside of major metropolitan areas (which include 25% of national HIV cases), where disparities are greater than in the most urban counties. The complex interrelationships between the factors of interest and the limitations of the analysis, including variable selection and study design, make causal inference impossible. However, the results of our analysis suggest factors that may be considered to reduce disparities. Increased health insurance coverage may address broader associations between HIV prevalence and poverty in nonurban areas by improving access to care. 5, 13 The observed null association between poverty and HIV prevalence outside of highly urban counties may indicate that interventions associated with poverty reduction alone may not reduce disparities in all settings of urbanization. In addition to existing behavioral interventions, our analysis supports a multifactorial approach, linking social factors with sexual networks and individual risk behaviors. 4 
Limitations
Limitations of this analysis include those typical of ecological analyses, specifically the ecological fallacy. Because our unit of analysis is the county, we cannot characterize intracounty variability, which may be substantial, and cannot make inferences to individuals within these counties.
Selection of counties for inclusion in the study may also have affected results. Although most included counties were from 2 US Census---defined regions (the South and Northeast), this geographic distribution is similar to that in other national studies of HIV prevalence. 9, 10, 13 Our analysis also included almost 90% of HIV cases from the 46 states with estimated prevalence data. We attempted to further account for potential selection bias by requiring both analyzed racial/ethnic populations to contribute populations for a given county. Excluded counties had either small race-specific populations (< 1000) or few race-specific cases (< 5). As a result, at lower levels of urbanization, counties with a low prevalence were excluded, leaving only counties with higher prevalence for inclusion in the analysis. In counties with small case counts, which were concentrated in more rural strata of urbanization, estimates may also have been affected by unstable prevalence rates (i.e., rates generated with case counts of < 12).
1 Sensitivity analysis using only stable rates, which reduced the number of more rural counties and, consequently, slightly modified PRR estimates and increased confidence interval width, did not meaningfully change results. Consequently, although our overall conclusions are generalizable at the county level, and possibly to other geographic areas, our estimates are likely biased primarily at the lowest levels of urbanization, with prevalence being overestimated and observed associations between poverty and HIV prevalence rates being biased away from the null at these more rural levels of urbanization. Our use of both surveillance and census data may have also influenced our results. Although surveillance data provide the best available estimates of HIV prevalence, these data depend on racial patterns of HIV diagnosis. Because more Black Americans than White Americans have been tested for HIV, racial/ethnic disparities may be overestimated. 38 We also included in the analysis county-level confounders from the US Census. The inclusion of other social determinants of health (e.g., education) was limited by the potential for high collinearity with poverty, resulting in an unstable model. As a result, our estimates may exhibit residual confounding. Finally, this analysis assumed independence of rates within and between counties. Although accounting for spatial correlation may reduce variance, the exact associations between geographic proximity and county-level HIV prevalence are unstudied. 39 As a result, the effect of excluding spatial correlation is unclear.
Conclusions
Our analysis found differences in the associations between HIV prevalence and poverty by race/ethnicity and urbanization. Although our analysis confirmed the associations between poverty and racial/ethnic disparities in urban areas, the lack of such a relationship in nonurban areas suggests the need for additional research regarding differences between the urban and nonurban HIV epidemic. The proposed series of pathways between poverty and HIV prevalence suggests the need for additional, more nuanced studies of poverty and its relationship to proximate determinants of HIV infection, which are likely to be multiple and to vary by setting. 40 Additionally, as a continuation of county-level analyses, future spatial analyses of HIV prevalence should examine the role of geography in the HIV epidemic, potentially suggesting the geographic range of sexual networks and the influence of urban HIV prevalence on the nonurban epidemic. This analysis focused on 3 keys factors in the practice of public health: place, race, and poverty. In doing so, it reinforced complex relationships among these factors and identified nuances in their associations with HIV prevalence. We have observed, to the best of our knowledge for the first time, county-level differences in racial/ethnic HIV disparities by level of urbanization. We found that, although poverty may help to explain racial/ethnic HIV disparities in the most urban counties, different factors unrelated to poverty must explain the large disparities in nonurban areas. Additional research is needed to identify factors and confirm causal pathways resulting in these racial/ethnic disparities. j
